octadecene (ODE-4 mL) was dried and degassed under vacuum at 120 °C for 30 min in a 50 mL three-neck flask. The solution was heated under argon to 280 °C, and then the stock solution of trioctylphosphine (TOP)-selenium, prepared by dissolving elemental selenium (0.078 g, 0.1 mM) in 2 mL TOP, was quickly injected into the hot solution under vigorous stirring. The growth temperature was then reduced to 250 °C until the dots reached the desired diameter (about 20 min). Typically, this reaction generates CdSe nanocrystals of about 3.5 nm in size, with the first absorption peak around 570 nm. For larger nanocrystals, the 3.5 nm particles were further grown using a layer-by-layer growth technique in a one-pot synthesis. The injection solutions used for the CdSe growth were 0.1 M of cadmium oleate and 0.1 M of selenium in TOP.
For each injection, a calculated amount of a given injection solution was taken and injected in a dropwise manner into the solution containing synthesized CdSe nanocrystals. Three layers of CdSe were grown at 250-260 °C and annealed at 270 °C for 20 min. Following the annealing, the solution was cooled to room temperature and stored in a freezer until the precipitation procedure. Separation of unreacted precursors from the nanocrystals was performed by repeated precipitation (twice in most cases) and redispersed with acetone/methanol and toluene, respectively. Finally, the particles were stored in toluene.
Self-assembled monolayers on quartz: Quartz slides (fused silica -Chemglass)
were cleaned prior to silanization by boiling in acetone and ethanol for 10 min each, followed by UV/ozone oxidation (UVOCS) for 20 min. The samples were then soaked in ethanol for 15 min and dried with N 2 flow. Monolayers of (3-mercaptopropyl)trimethoxysilane (>97%, Fluka) were formed by dipping the samples into a 1 mM solution in bicyclohexyl (BCH, 99%, Aldrich) for 1 h followed by sonicating the sample in toluene for 1 min. This process of dipping and sonicating was repeated twice to ensure full monolayer coverage. Solvents were reagent grade or better and were purchased from Merck, Baker, or Bio-Lab.
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Monolayers of nanoparticles:
In order to form a monolayer from CdSe NPs, the SAM-coated substrates were immersed for 3 h in 0.5-10 µM core-only CdSe640 solutions in anhydrous toluene (99.8%, Aldrich). The samples were then sonicated twice (30 sec each) in toluene to remove excess NP solution and dried rapidly under N 2 flow.
Linker molecule adsorption:
The samples with the NP monolayers were immersed in a 1 mM solution of dithiolated alkyl linker molecules in methanol for 3 h followed by rinsing with ethanol and drying under N 2 flow. For linkers we used the following molecules: 1,3-propanedithiol (C 3 DT, 99% Aldrich), 1,6-hexanedithiol (C 6 DT, 97% Alfa Aesar), 1,8-octanedithiol (C 8 DT, 98% Alfa Aesar),1,10-decanedithiol (C 10 DT, 99% Alfa Aesar). To form the second layer of nanoparticles, the samples were then immersed in a CdSe585 nanoparticle solution according to the procedure described above.
Electron microscopy and NP coverage: High-resolution scanning electron microscope (SEM) in-lens-detector imaging was carried out with a LEO-Supra 55 VP HRSEM. The images were analyzed to calculate the coverage density using ImageJ (a freeware program available at rsb.info.nih.gov/ij). High-magnification images with very uniform NP monolayers were used and 10 precise squares of 100 × 100 nm were drawn on each image using ImageJ software. The number of NPs in each square was counted manually and the average and standard deviations were calculated. The results were normalized to units of the number of particles per micrometer square.
Photoluminescence measurements: The PL measurements were performed at 300 K using a LabRam HR800-PL spectrofluorimeter microscope (Horiba JobinYvon) with an excitation source at 457 nm (argon-ion CW laser ~15 mW/cm 2 ). The incident light impinged on the surface at an angle of about 70° relative to the sample surface and the PL spectra were collected by the microscope (with 5× high working distance lens). To maintain the stability of the signal, we used a microscope-Linkam stage, where the samples were sealed during the measurements under a constant flow of N 2 .
Photoluminescence life-time measurements:
The PL life-time measurements were performed using the experimental setup shown in Figure S1 . Briefly, the samples were placed on the cold finger of a He-cryostat cooled by cryopump (Oxford Instruments). The system was equipped with a close-loop temperature-controlling system (Scientific Instruments), which maintained the required sample temperature with ±0.2 K accuracy in the range of 15-200 K. Sample excitation was performed using 7 ns laser pulses at 460 nm wavelength and a 10 Hz repetition rate (Spectra Physics MOPO-PO optical parametric oscillator pumped by Spectra Physics QuantaRay Pro-230 Nd:YAG laser). Photoluminescence was spectrally resolved using a spectrometer (Horiba iHR-320). The photoluminescence signal was measured using a fast photomultiplier tube (PMT, Hamamatsu), a fast wide-band preamplifier (Femto), and a wide-band oscilloscope (LeCroy). Photoluminescence from the sample was collected and focused on the spectrometer input slit using two lenses. Scope synchronization was performed using a separate amplified silicon photodiode connected to a scope triggering input; recorded and stored data were analyzed by a multi-exponent decay equation to yield the PL lifetime of the NPs. 
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Characterization
The absorption and emission spectra of the NPs in solution are presented in Figure S2 . The first absorption peak of the donor NPs (black) and their emissions are at 568 nm and 580 nm, respectively, whereas for the acceptor ones (red) the peaks are at 612 nm and 641 nm, respectively. This set of nanoparticles was chosen for several reasons. Both particles absorb blue light; thus, it is possible to excite both of them with a 457 nm laser. There is an overlap between the emission of the donor NPs and the absorption of the acceptor ones. This overlap allows energy transfer between the nanoparticles. Nevertheless, the emission peaks of the NPs are spectrally far enough from each other and it is possible to detect the PL of each NP layer separately.
The quality of the NP monolayers was characterized by high-resolution SEM. Figure S3 shows SEM images of acceptor NPs (CdSe641) at two magnifications. In order to prevent charging effects, the samples for the SEM imaging were performed on Si/SiO 2 substrates (highly doped, <100>, n-type, University Wafers, Boston, MA).
It was noted that the CdSe NPs form a very dense monolayer on the silane-coated substrate. However, the NPs are not closely packed over the entire surface but instead form small islands (~10 NPs per island) of NP arrays. In these arrays, the NPs are In order to determine whether an energy transfer process exists in the acceptor NP layer compared to the NPs in solution, the PL was normalized and shown in Figure S5a . Almost no red-shift is observed due to the adsorption on the surface;
however, a narrowing of the PL peak is observed, which is an indication of an energy transfer process within the condensed NP layer. When adsorbing DT/MT linkers on the NPs, we observe a small red-shift for both linkers. The normalized data for the acceptor PL covered with the different DT linkers are presented in Figure S5b . Here, it is clear that there is no red shift of the PL peak due to the adsorption of the various DT linkers, within the error of the measurement. Therefore, we concluded that the adsorption of the DT linkers does not affect energy transfer processes within the acceptor NP layer. 
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The adsorption of the first NP monolayer was very reproducible. In order to check whether the number of NPs in the second layer was equal for all DT linker molecules, we imaged bilayer samples with different DT linkers. Since the larger NPs have a better SEM contrast than do the smaller ones (when placed at the second layer), we first adsorbed the donor NPs and then the acceptor ones through DT linkers. In order to increase the differences between the NPs, we used very small NPs (CdSe524, ≈2.5 nm) for the first layer. The SEM images in Figure S6 show the various assemblies with the different linkers. The brighter spots in the bilayer samples represent the larger top NPs. The bottom NPs cannot be seen since they are very small and they lose almost all their SEM contrast due to the DT adsorption. The coverage of the top NPs was calculated and is presented in Figure S7 . It is clear that the number of top NPs in these systems is almost equal and that the adsorption efficiency through the various linkers is almost the same. Figure S4 .
The DT linker length was calculated by ChemDraw software and is presented in Table S1 . Table S1 : calculated length and schemes of DT linkers. In order to prove that the number of top NP layers is equal for the various linkers, UV-vis absorption spectra for bilayers with C3DT and C10DT were taken.
The results, which are presented in Figure S8 , show that the absorption spectra of these assemblies overlap, which indicates that both samples have the same number of The PL-lifetime measurements were performed using a 460 nm laser with a 7 ns pulse. Since charge and energy transfer processes are very rapid at room temperature, the measurements were performed at 15 K in order to get the maximum difference between the samples. We performed the measurements up to 65 K and the same trends were observed at this temperature range (see Figure S9 ). The normalized data were fitted by triple-exponent functions and average lifetimes were calculated. A summary of the fitting parameters and average lifetimes is presented below in Table 2 . The measurements were performed for long decay times (as seen in Figure S10a ), but since most of the differences between the samples occurred during the first 15-30 ns, the presented data in the article are in this range ( Figure S10b ). In order to rule out an effect of the amount of thiols binding to the donor top layer, we performed the same experiments with NPs having different capping ligands. We used tetradecyl phosphonic acid (TDPA) capped NPs since their ligands bind to their surface much more strongly. The observed trend (presented in Figure   S11 ) is similar to the one observed with the HDA-capped NPs. Therefore, we concluded that the amount of thiol bonds in relation to the donor NPs cannot cause the observed trends. Table S2 . 
PL quenching in the acceptor layer
Assuming that the PL from the acceptors is inversely proportional to the separation rate k AA .
We now assume that: k AA = P n (r) ·T(r) where P n (r) is the zero-order probability to find an acceptor NP at a distance (r) from a certain point and T(r) is the probability of transferring charge to this distance (r).
Since the probability of finding a neighbor grows as a function of the area in the 2D monolayer, we can write:   
